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The  Response  of  Dairy  Calves  to  Rumen 
Inoculation  and  Various  Feeding  Methods 

R.  A.  ACKERMAN,  I.  D.  PORTERFIELD,  H.  0. 

J.  E.  PIKE,  and  D.  A. 

Introduction 

THERE  is  conflict  in  the  recommendations  for  the  supplemental  feed- 
ing of  dairy  calves  during  the  first  few  months  of  their  lives.  In 
addition  to  the  feeding  of  milk,  some  authorities  advocate  feeding 
of  hay  alone,  others  the  feeding  of  concentrates  alone,  in  contrast  to  the 
normal  methods  of  feeding  some  of  both. 

The  importance  of  rumen  microorganisms  for  the  health  and  well- 
being  of  the  ruminant  is  well  known.  It  is  also  well  known  that  the  type 
of  feed  consumed  greatly  affects  the  character  of  the  rumen  microflora. 
As  yet,  however,  the  most  beneficial  types  of  organisms  necessary  for  the 
well-being  of  the  ruminant  and  the  feeding  practices  which  will  per- 
petuate these  organisms  are  not  fully  known. 

Review  of  Literature 

Hungate  (6),  Johnson  et  al.  (8),  and  Lardinois  et  al.  (9)  present  evi- 
dence that  the  microorganisms  of  the  rumen  (anaerobic  bacteria  and 
protozoa)  function  in  the  digestion  of  cellulose,  and  conversion  of  urea 
and  ammonium  bicarbonate  into  proteins,  and  in  raising  the  protein 
quality  of  the  vegetable  proteins.  These  proteins  become  available  to  the 
liost  when  the  microorganisms  themselves  are  digested  (13).  A  number  of 
investigators  (1,5,7,9,10,11)  point  out  that  rumen  microorganisms  con- 
tribute to  the  synthesis  of  water  soluble  vitamins  in  tlie  paunch. 

Several  investigators  (3,4,18,20)  have  made  contributions  to  the 
jresent  knowledge  of  rumen  microorganism  types  and  species.  Although 
his  information  is  limited,  it  is  sufficient  to  provide  means  of  measur- 
ng  rumen  population.  Precise  information  on  the  identity  of  the  or- 
ganisms that   promote  healthy  nmien   function   is  needed. 

A  number  of  workers  (2,8,12,16)  have  presented  evidence  that  the 
lumbers  and  types  of  microorganisms  are  related  closely  to  the  kind  of 
eed  consumed.  Pounden  and  Hibbs  (14,15,16,17)  have  published  con- 
iderable  literature  on  cud  inoculation  and  the  growth  of  young  calves 
inder  several  types  of  feeding  and  conclude  that  the  rumen  population 


associated  with  rations  of  hay  and  pasture  are  markedly  different  froB 
those  found  in  calves  fed  large  cjuantitics  of  concentrates.  In  their  early 
reports  they  did  not  find  it  possible  to  relate  the  well-being  of  the 
calves  with  the  presence  or  absence  of  characteristic  microorganisms,  but 
in  later  reports  they  state  that  rumen  inoculations  resulted  in  the  de- 
velopment of  satisfactory  microflora  and  fauna  in  a  short  period,  with 
considerable  improvement  in  thrift  of  the  animals. 

Research  workers  of  a  commercial  feed  company  (19)  found  that 
larger  calves  were  developed  up  to  four  months  of  age  when  they  were 
given  no  hay  during  the  first  two  months.  Of  course,  elimination  of  hay 
from  the  ration  until  that  age  resulted  in  higher  consumption  of  con- 
centrates. 

Additional  information  is  needed  concerning  the  economy,  as  well! 
as  the  growth  rate,  of  calves  fed  at  various  levels  of  roughages  andl 
concentrates  and  the  role  of  rumen  microorganisms  in  the  nutrition 
of  (al\cs. 


Objectives  of  Study 


.V  project  Avas  undertaken  at  the  West  Virginia  University  Agri 
cultural  Experiment  Station  to  study  the  influence  of  three  feeding 
methods  on  the  growth,  thrift  and  rumen  microorganisms  of  calves 
and  the  effect  of  cud  inoculation  under  each  of  the  feeding  practices. 

Procedure 

The  calves  used  were  of  three  dairy  breeds  (Ayrshire,  Holstein,  anc 
Jersey)  from  the  West  Virginia  University  herd.  They  were  removet 
from  their  dams  before  nursing  and  placed  into  individual  pens  fo 
the  entire  experimental  period.  There  was  no  direct  contact  betwc  i  i 
animals,  and  insofar  as  practical,  an  attempt  was  made  to  avoid  possi 
bility  of  natural  inoculation  by  workers  in  the  feeding  and  care  of  th' 
calves  and  in  the  cleaning  of  the  pens. 

The  calves  were  allotted  to  the  three  groups  as  evenly  as  possihl 
as  to  breed,  birth  weight,  and  sex.  The  feeding  schedule  included  ai 
average  of  315  pounds  of  whole  milk  per  calf,  fed  during  a  period  o 
eight  weeks.  The  dam's  colostrum  was  fed  during  the  first  four  day 
Supplemental  feed  for  each  group  was  as  follows: 

Group  A  (Normal  Group)  —Hay  at  will.  Starter  at  will  up  to  fou 
pounds  daily. 

Group  B  (Starter  Group)— Starter  at  will  up  to  four  pounds  daib 
No  hay  during  the  first  eight  weeks.  Hay  during  the  second  eight  weel 
limited  to  one-half  amount  consumed  by  Group  A  during  the  secon 
eight  weeks. 
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Group  C  (Hay  Group)— Hay  at  will.  No  starter  during  the  first 
eight  weeks.  Starter  during  the  second  eight  weeks  limited  to  one-half 
amount  consumed  by  Group  A. 

The  hay  was  early  cut,  green,  containing  more  grasses  than  le- 
gumes. The  starter  was  a  nationally-known  commercial  mixture  con- 
taining no  antibiotics.  During  the  last  two  to  four  weeks  of  the  trial 
most  of  the  calves  would  have  consumed  more  starter  ration  than  was 
allowed  them. 

Eighteen  calves  were  divided  into  three  groups  as  equal  as  possible 
as  to  sex  and  breed  and  placed  on  the  study  for  a  16-week  period  each 
year  during  three  successive  years.  One-half  of  the  calves  (three  in  each 
group)  were  inoculated  each  week  during  the  first  six  weeks  following 
birth,  and  again  on  the  ninth  week,  with  a  cud  portion  secured  fresh  from 
a  healthy  cow. 

All  calves  were  weighed  and  measured  for  height  at  withers  each 
week.  The  circumference  of  heart  girth  and  paunch  was  measured  at 
four-week  intervals.  In  addition,  notes  were  taken  as  to  general  vigor, 
occurrence  of  scours,  and  the  age  at  first-observed  rumination. 

A  sample  of  the  rumen  contents  was  secured  by  the  use  of  a  stomach 
tube  from  each  calf  previous  to  the  weekly  inoculation  during  the  first 
six  weeks  and  until  protozoa  were  found.  Rumen  samples  were  also 
secured  from  all  calves  on  the  9th  and  15th  weeks.  The  samples  were 
placed  into  tightly-stoppered  glass  bottles,  protected  from  the  cold  and 
light,  and  examined  microscopically  within  an  hour.  Counts  on  the 
number  of  bacteria  and  protozoa  were  made. 

In  preliminary  work  leading  to  this  study  calves  were  inoculated 
weekly  with  frozen  rumen  juice  which  had  been  taken  from  a  healthy 
cow.  The  juice  was  collected  as  soon  as  possible  following  slaughter, 
frozen,  kept  in  a  deep  freeze,  and  thawed  shortly  before  inoculation 
was  to  be  made.  Apparently  all  protozoa  were  killed  by  the  freezing 
process  since  none  were  recovered  alive  in  the  thawed  juice.  This  pre- 
liminary work  was  of  considerable  value  in  developing  and  standardizing 
techniques  and  practices.  For  example,  considerable  difficulty  was 
encountered  in  obtaining  the  rumen  samples  from  certain  of  the  calves 
until  a  satisfactory  plastic  tube  was  found.  It  may  be  of  interest  to  add 
hat  the  results  of  this  preliminary  work  agree  closely  with  those  ob- 
aincd  with  the  use  of  fresh  cud  portions  as  the  inoculant. 

Results  and  Discussion 

f  1  lECT  OF  THE  FEEDING   METHOD  ON   GROWTH 

The  calves  in  Group  A  and  B  gained  almost  the  same  amount  in 
eif^ht  during  the  16  weeks  of  the  experiment.  They  were  both  fed 
I  liter  ration  at  will  up  to  four  pounds  per  day.  However,  Group  A 
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received  liay  at  will  during  the  entire  16  weeks,  whereas  Group  B 
received  no  hay  during  the  first  eight  weeks  and  only  half  as  much 
during  the  second  eight  weeks  as  the  calves  in  Group  A  consumed. 
Group  C  calves  received  hay  at  will,  no  starter  during  the  first  eight 
weeks,  and  half  the  amount  of  starter  ration  fed  Group  A  during  the 
second  eight  weeks,  and  grew  at  a  slower  rate  during  the  period  of  this 
study.  Graph  1  shows  the  growth  of  the  calves  on  each  feeding  method. 
A  complete  table  of  the  individual  calves  is  given  in  the  appendix 
(Table  1). 

Analysis  of  the  data  (see  appendix.  Table  3)  reveals  that  the  feed- 
ing regime  had  a  very  highly  significant  effect  of  gain  in  body  weight. 

The  average  amount  of  feeds  consumed  per  calf  in  each  group  dur- 
ing the  three  yearly  trials  is  shown  on  page  7.  (See  Table  2  in  the  appea 
dix  for  complete  individual  figures.)  Group  li  consumed  an  average  ofl 
only  ten  pounds  more  starter  ration  while  eating  57  pounds  less  hay  than 
Group  A,  so  that  the  total  cost  and  the  cost  per  pound  of  gain  were 
very  nearly  the  same.  Although  Group  C  had  a  somewhat  lower  total 
feed  cost  due  to  less  starter  ration  consumed,  their  cost  per  pound  <ri 
gain  was  slightly  higher  than  with  the  other  methods  of  feeding. 


Acs  In  Wcolts 

GRAPH    1.   Effect  of  feodino  method  on  gain  In  weight  (average  of  throe  years) 
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Feed  Consumed^  Cost,  Pound  Gain  and  Cost  Per  Pound 
Gain  on  Three  Feeding  Methods 


Number 

Feed  Cost* 

of 

Milk 

Starter 

Hay 

Cost* 

Gain 

Pep  Pound  Gain 

Group  Calves 

lb. 

lb. 

lb. 

$ 

lb. 

Cents 

A         17 

312.6 

240.6 

144.2 

32.93 

109.0 

30.2 

B         17 

315.2 

250.3 

87.3 

32.54 

106.6 

30.5 

C         18 

316.0 

107.7 

200.3 

26.25 

82.2 

31.9 

•Cost  figures  used:  Milk,  $5  ovt.;  Starter  Ration,  $6  ovt.;  Hay,  $2  cwt. 

The  young  calf  raised  with  a  limited  amount  of  whole  milk  and 
igiven  a  plentiful  supply  of  starter  ration  will  make  more  rapid  gains 
,than  when  starter  ration  is  limited.  The  feeding  of  roughage  seems  to 
|be  of  little  value  during  the  first  two  months  following  birth. 

Influence  of  cud  inoculation  on  growth 

The  average  gain  in  weight  from  birth  to  16  weeks  for  inoculated 
md  uninoculated  calves  under  the  three  methods  of  feeding  tested  are 
hewn  in  Graphs  2,  3,  and  4.  Graph  5  shows  the  gain  for  all  inoculated 
rompared  with  all  control  animals,  with  all  feeding  methods  thrown 
ogether. 
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^APH  2.  Gain    in   weight — Group   A    (average   of  three   years). 
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GRAPH  3.  Gain  in  weight — Group  B   (average  of  three  years). 

Analysis  of  the  data  (appendix)  shows  that  cud  inoculation  has  nc 
significant  effect  on  gain  in  body  weight.  No  interaction  was  observeo 
between  feeding  regime  and  cud  inoculation. 

Although  not  statistically  significant,  the  control  animals  did  makd 
somewhat  greater  gains,  under  each  method  of  feeding,  than  the  animalif 
which  were  inoculated.  Growth,  as  measured  by  heart  girth,  paunch 
and  height  at  withers,  also  slightly  favored  the  control  calves.  Table  ' 
in  the  appendix  gives  the  individual  growth  data. 

EFFECTIVENESS    OF   CUD    INOCULATION    IN    ESTABLISHIN( 
PROTZOA  IN  THE  RUMEN 

Placing  a  small  fresh  cud  portion  obtained  from  a  healthy  cow  iiii 
the  back  of  the  mouth  of  the  calf  so  that  it  would  be  swallowed  proxt^ 
an  effective  and  simple  way  to  implant  protozoa  and  other  organisni 
into  the  rumen.  During  each  year  of  the  trial,  at  least  two-thirds  of  th 
rumen  samples  of  all  inoculated  calves  were  found  to  contain  protozo 
the  first  week  following  the  initial  inoculation,  and  all  samples  obtaine 
from  inoculated  calves  contained  the  organisms  following  the  se< 
ond  inoculation.  When  protozoa  were  once  found  in  the  rumen,  subs( 
quent  samples  from  the  calf  always  contained  the  organism.  \ 
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GRAPH  4.  Gain   in   weight — Group   C    (average   of  three  years). 
EFFECTIVENESS  OF  PREVENTING  THE  PRESENCE  OF  PROTO- 
ZOA  IN    THE    RUMEN    UNDER    MANAGEMENT    CONDITIONS 
DESIGNED  TO  PRECLUDE  NATURAL  INOCULATION 

Management  practices,  as  stated  previously,  were  designed  to  pre- 
sent the  natural  inoculation  of  the  calves.  The  calves  were  maintained 
II  individual,  solid  partitioned,  wooden  pens  high  enough  to  prevent 
oiiiact.  In  feeding,  and  in  the  cleaning  of  pens,  a  definite  attempt  was 
nade  to  avoid  carry-over  of  any  materials  and,  in  taking  the  rumen 
amples,  the  control  animals  were  always  sampled  first,  with  an  in- 
lividual  sterilized  plastic  tube  used  for  each  animal. 

The  fact  that  during  each  of  the  three  years  at  least  half  of  the 
ontrol  animals  showed  protozoa  in  their  rumen  by  the  seventh  week 
ollo^ving  birth  indicates  that  under  ordinary  feeding  and  management 
' editions  calves  would  become  naturally  inoculated  at  an  early  age 
11(1  that  the  artificial  inoculation,  while  effective,  would  be  of  no 
onsequence. 

During  the  second  year  of  the  trials,  one  uninoculated  calf  (110 
I.M.)  did  not  show  protozoa  in  a  rimien  sample  until  the  11th  week, 
11(1  another    (95H.F.)  until  the   I5th  week.  During  the  final  year,  un- 
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GRAPH  5.  Gain  in  weight — all  Groups  (average  of  three  years), 
inociihited  calf  68()J.F.  showed  no  protozoa  until  the  17th  week,  and 
samples  from  the  rumen  of  682J.F.  showed  no  protozoa  until  the  20th 
week.  These  latter  two  animals  were  continued  past  the  close  of  tht 
trial  until  they  did  show  protozoa  to  determine  how  long  they  could  In 
continued  protozoa  free.  Differences  in  their  growth  and  consuin]) 
tion  of  feed  are  not  sufficient  to  determine  wluiher  or  not  the  lack  ol 
protozoa  was  a  detriment. 

EFFECT  OF  INOCULATION  ON  START  OF  RUMINATION 

Complete  data  are  available  on  the  age  of  first-observed  rumination 
during  the  second  year  of  the  trials. 

Average  Ac;e  ai    First-Observei)  Rumination 


INOCULATED   CALVES 


CONTROL    CALVES 


Group 

Average    Days 
of  Age 

Youngest  and 
Oldest  Age 

Average  Days 
Of  Age 

Youngest  and 
Oldest    Age 

A 
li 

c; 

37 
30 
32.7 

(28-47) 
(26-33) 

r2r>-47) 

23.r> 

28.3 
32.7 

(17-30)  (2  onl5 

(24-33) 

(17-43) 

All 

33.2 

28.7 
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This  indicates  that  neither  feeding  method  nor  the  cud  inoculation 
)f  young  dairy  calves  hastens  the  onset  of  rumination.  An  attempt  was 
nade  to  correlate  the  presence  of  protozoa  in  the  rumen  with  the  onset 
)f  rumination.  However,  no  indication  of  a  correlation  was  found. 

It  appears  that  the  type  of  feed  consumed,  or  the  inoculation  by  cud 
Kjrtions  from  a  healthy  cow  have  little  effect  upon  the  age  at  fii-st 
■umination  which  usually  starts  during  the  fourth  or  fifth  week. 

Several  calves  were  observed  "pseudo-ruminating"  during  the  first 
ew  days  following  birth.  In  none  of  these  observations,  however,  was 
true  cud  found. 

)BSERVATIONS   ON   THE    MICROBIOLOGY   OF   THE    RUMEN 
Rumen  samples  of  calves  usually  contained  numerous  gram  positive 
nd  gram  negative  cocci.    Present  less  often  were  streptococci  and  gram 
positive  long  rods. 

All  samples  contained  large  numbers  of  microorganisms.  As  the  num- 
er  of  protozoa  increased,  there  was  usually  some  decrease  in  the  bac- 
;rial  numbers.  A  bacteria  count  of  50  to  100  (xlO")  was  usual  for  the 
rst  six  weeks  and  about  30  to  40    (xlO")  at  14  to  16  weeks. 

ummary  and  Conclusions 

Calves  started  on  a  limited  amount  of  whole  milk  grew  more  rapidly 
hen  fed  with  a  good  supply  of  starter  ration  than  when  hay  was  fed 
will  and  starter  ration  withheld.  The  residts  do  not  indicate  a  need 
■r  roughage  during  the  first  two  months  following  birth.  An  analysis  of 
•c  data  indicates  that  the  feeding  regime  has  a  highly  significant  effect 
1  .<;ain  in  weight. 

Although  oral  cud  inoculation  of  the  yoimg  calf  with  a  fresh  cud 
niioti  from  a  healthy  cow  is  highly  effective  in  permanently  implanting 
uto/oa  into  the  rumen  of  the  calf,  it  seems  evident  that  under  nor- 
il  conditions  of  feeding  and  management  the  calf  would  become 
turally  inoculated  within  a  few  weeks  following  birth.  Inoculation 
ilwl  to  show  an  advantage  under  any  of  the  three  different  feeding 
iitices  studied.  Analysis  of  the  data  shows  that  no  significant  effect 
t;ain  or  loss  in  weight  was  due  to  the  inoculation  and  that  there 
IS  no  interaction  between  feeding  regime  and  incoulation. 

Rumination  usually  started  during  the  fourth  or  fifth  week  lollow- 
1^  birth  regardless  of  the  type  of  feed  consumed  or  whether  or  not  the 
'  If  was   inoculated. 

No  benefit  due  to  the  inoculation  of  calves  with  a  cud  portion  from 
i(  .ilthy  cow  was  found  under  the  three  systems  of  feeding  tested  in 
lis  study  involving  27  inoculated  calves  comjjarctl  witli  27  uTiinoculated 
•  iinals. 
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